A decade after the alarming association of cabergoline-associated valvulopathy (CAV) in Parkinson disease, only two confirmed cases have occurred in patients with prolactinoma. Routine screening for CAV by echocardiography has not proved to be of diagnostic utility, has several limitations, and is not widely practiced. We have previously highlighted the value of annual cardiovascular examination as a screening tool for CAV in patients with prolactinoma. We present a case, now the third confirmed case of CAV, to highlight the value of the cardiovascular examination. A 52-year-old woman with a 25-year history of macroprolactinoma had received multimodal treatment, including surgery, radiosurgery, and medical therapy. Her medical therapy initially consisted of bromocriptine, followed by cabergoline. The cabergoline dose was 6 mg weekly. In 2009, the cumulative dose was 3272 mg when an echocardiogram showed no evidence of valvular disease. A routine cardiovascular examination in the clinic detected a new murmur in 2016. The echocardiogram demonstrated new-onset mild to moderate aortic regurgitation, with a thickened and restricted valve consistent with CAV. The cumulative dose of cabergoline at that point was 4192 mg. Follow-up echocardiography at 6-month intervals showed progression to moderate to severe aortic regurgitation, which has since stabilized. Cabergoline therapy was weaned and stopped completely in April 2017. An annual cardiovascular examination is the best screening test for CAV and can change the course of a patient's treatment. Echocardiograms should be reserved for patients with a new-onset cardiac murmur or a high cumulative dose of cabergoline.
Indisputable evidence exists for the causal relationship of ergot-derived dopamine agonists (bromocriptine and cabergoline) and cardiac valve disease in Parkinson disease related to high cumulative doses. During the past decade, several studies have examined the risk of valvulopathy in patients with prolactinoma taking cabergoline. In our 2015 systematic review, the risk was found to be extremely low (only two confirmed and one possible case), most likely owing to the lower cumulative doses used in treating prolactinoma [1] . At the time of that review, 19 studies and 2 case reports pertaining to cabergoline and valvular heart disease had been reported. Since then, three further reported studies have not shown an increased prevalence of cabergoline-associated valvulopathy (CAV): now totaling 2000 cases of prolactinoma studied [2] [3] [4] . Studies of serial echocardiograms in patients with prolactinoma have not shown new cases of CAV [2, 5, 6] ; however, in reality, few patients are undergoing serial echocardiograms [3] .
Given the low prevalence of CAV in patients with prolactinoma, we believe that optimal screening should consist of an annual cardiovascular examination for all treated patients, with echocardiograms directed at those with a murmur or high cumulative doses of cabergoline.
We present the case of a patient to emphasize the value of the cardiovascular examination, because this is now the third confirmed case of CAV. The patient provided written informed consent for the reporting of her case.
Case Report
A 52-year-old woman had originally presented in 1989 at age 22 years with headaches, secondary amenorrhea, and galactorrhea. The prolactin level was elevated to .6000 mIU/L (undiluted), and a CT scan showed a 3-cm adenoma extending into the sphenoid sinus. She was initially treated with bromocriptine from 1990 to 1992 with some initial shrinkage to 2.5 cm on subsequent scans, with a prolactin level of 10,000 mIU/L (reference range ,615 mIU/L) after serial dilution. Because of the limited response to bromocriptine with the lesion abutting the optic apparatus, she subsequently underwent two debulking microscopic transsphenoidal surgeries in 1992. However, her prolactin level remained elevated at 7000 mIU/L, with residual disease in the right cavernous sinus. Bromocriptine was started again, until cabergoline became available in 1997. Cabergoline was begun at 2 mg weekly and subsequently increased to 6 to 7 mg weekly over time, with failure to ever reduce the prolactin level to ,1000 mIU/L. After initially declining radiotherapy in 1999, the patient subsequently underwent stereotactic radiosurgery in 2004 and continued with cabergoline at high doses.
The patient had panhypopituitarism and was taking cortisone acetate and thyroxine. She had long-standing hypogonadism but had been variably compliant with estrogen and progestogen replacement. She developed osteopenia and experienced a low trauma fracture of the fibular in January 2017, thereafter beginning antiresorptive therapy.
The patient underwent echocardiography in 2009, which showed no evidence of valvular disease. The weekly dose of cabergoline was 6 mg, and the cumulative dose was 3272 mg. Her prolactin level at this time was at its nadir of 900 to 1000 mIU/L. In 2012, a repeat MRI scan had shown a substantial reduction in the residual adenoma, after which the dose of cabergoline had been weaned at the rate of 0.5 mg every 6 months.
A routine cardiovascular examination detected a new murmur in 2016. The patient was asymptomatic. The echocardiogram demonstrated new-onset mild to moderate aortic regurgitation, with a thickened and restricted valve-the three cardinal echocardiographic features of CAV. The cumulative dose of cabergoline at that point was 4192 mg, with a weekly dose of 3 mg. Follow-up echocardiograms at 6-month intervals showed progression to moderate to severe aortic regurgitation, which at the last follow-up examination had stabilized (Fig. 1) . Cabergoline was progressively weaned and was stopped in April 2017. Her prolactin level increased to 4706 mIU/L, but no interval tumor growth was seen on MRI.
Discussion
Our patient's case represents the third confirmed case of CAV in .2000 cases of prolactinoma treated with ergot-derived dopamine agonists reported since 2008. Although other studies have shown evidence of various cardiac valvular abnormalities, CAV represents a specific pathology characterized by three salient echocardiographic features: (1) moderate or severe regurgitation, (2) valve thickening, and (3) valve restriction. Furthermore, the absence of calcification and myxomatous changes distinguishes CAV from age-related sclerosis and myxomatous valve disease, respectively. If a valvular lesion is found, it is crucial to distinguish among age-related changes, myxomatous changes, and CAV to determine whether cabergoline should be weaned or ceased. In our patient, the three salient features of CAV were present on the echocardiogram, leading to cessation of cabergoline therapy as recommend by the Food and Drug Administration (FDA) [7] . Although measurement of the tricuspid valve tethering area and mitral valve tenting is useful in comparing defined patient groups to quantify the degree of valve restriction, these are subject to user and machine variability. They are not reliably reproducible and are only surrogate markers of subclinical changes in the valve [1] . In clinical practice, tethering and tenting are not echocardiographic markers that would change medical management.
On histologic examination, which is only available for those who have undergone surgical valve replacement, CAV is characterized by a thickened valve due to fibrous proliferation, with the absence of inflammatory cells, thrombus, and calcification [8] . The mechanism of valvular pathology as a cabergoline-induced adverse event is biologically plausible via stimulation of serotonin (5-hydroxytryptamine) receptor subtype 5-hydroxytryptamine( 2B ), which is expressed in heart valves and is known to mediate mitogenesis and proliferation of fibroblasts [9] .
In a cohort of patients with Parkinson disease at risk of CAV, the mean cumulative dose was 4015 6 3208 mg), giving one standard deviation less at~720 mg [10] . Only 10% of patients with prolactinoma will require high doses of cabergoline (.3 mg/wk) [11] . Those taking doses of 3 mg/wk will reach cumulative doses of 720 mg after 5 years of treatment. Most patients with prolactinoma will receive doses #1 mg/wk.
In the reported data, two cases of CAV in patients with prolactinoma have been confirmed. One cases of CAV occurred with a cumulative dose of only 252 mg [8] . That patient had fulminant heart failure, with echocardiographic findings of severe mitral regurgitation and a thickened and restricted valve (in the absence of stenosis), confirming CAV. The histologic findings were available because the patient had required valve replacement, which supported the echocardiographic diagnosis. In the second case of CAV, moderate mitral regurgitation occurred at an extremely high dose of 5252 mg, similar to our case [12] . That patient also had all three features of CAV found on the echocardiogram; however, valve replacement was not required. One case of moderate tricuspid regurgitation has been reported; however, no morphological features of CAV were found on the echocardiogram, and the patient had only had a cumulative cabergoline dose of 48 mg. These findings together would make CAV less likely [13] .
Our patient had been taking a high dose of cabergoline for many years, reaching doses comparable to those used for Parkinson disease. She had also received several years of bromocriptine, another ergot dopamine agonist. Despite normal echocardiographic findings when the cumulative dose was~3000 mg, she subsequently developed CAV, which was initially detected clinically by the presence of a new murmur although she was asymptomatic.
A recent community study from the United Kingdom demonstrated that very few patients with hyperprolactinemia had undergone baseline echocardiography (2 of 45), and only 5 of the 45 patients had undergone serial echocardiograms 2 years apart [3] . Even for those with Parkinson disease, a study showed that very few patients had had serial echocardiograms [14] . Three studies have followed up a total of 185 patients with prolactinoma with serial echocardiograms after 2 to 5 years and did not find an increased incidence of CAV [2] [3] [4] . Thus, echocardiography is seldom used; however, more importantly, routine interval scanning has not been shown to be useful. In July 2011, the FDA recommended "regular echocardiograms every 6 to 12 months" in all users of cabergoline "or as clinically indicated with the presence of signs and symptoms such as dyspnea, edema, new cardiac murmur, or congestive heart failure" [7] . We would argue that the frequency of echocardiograms recommended by the FDA has no scientific basis. We have previously shown the limitations of echocardiography as a screening tool, in particular the risk of overreporting findings, failure to recognize the cardinal features of CAV (compared with age-related changes or myxomatous disease), and the associated financial and psychological costs [1] .
In conclusion, it is reassuring to endocrinologists (and patients) that the prevalence of CAV in patients with prolactinoma is extremely low. Given this low prevalence, routine screening with echocardiography is not indicated. The recommended screening procedure should be an annual cardiovascular examination, with echocardiography reserved for patients with a murmur or those with high cumulative cabergoline doses.
